We obtain sufficient and necessary center conditions for the Poincaré system P 2, 2n n ≤ 5 . The necessity of the condition is derived from the first 2n focal values by symbolic computation with Maple, and the sufficiency is proved by Volokitin's method.
Introduction
Research on Hilbert's sixteenth problem 1, 2 in general usually proceeds by the investigation on specific classes of polynomial systems. Much effort has been devoted in recent years to the investigation of various systems with cubic or quintic polynomials for the center problem 3-9 . We are interested in a certain family of polynomial systems of the formẋ −y xR x, y ,ẏ x yR x, y , 1.1 withẋ dx/dt,ẏ dy/dt, and R x, y n i 1 R i x, y , where R i is a homogeneous polynomial of degree i. The centers of these systems are called uniformly isochronous centers 10 . The case in which R x, y is of degree i has been investigated in 10, 11 . In the nonhomogeneous case 12 , the pioneering studies mainly focus on the systems with R x, y R 1 R 2 13 , R x, y R 1 R 3 14 , R x, y R 1 R 2 R 3 R 
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In this paper, we consider the system 1.1 with R x, y R 2 R 2n n > 1 , where . . , 2n are real constants. We call the systems above as P 2, 2n . In 17, 18 , the authors prove that in the system P 2, 2n the uniformly isochronous centers are time reversible, which was done by imposing the existence of a transversal commutator. However, for any concrete n, it is difficult to obtain explicit form of the conditions for the origin to be a center for the system P 2, 2n due to increasing expansion of computation during the management of large expressions. Sufficient and necessary conditions for the origin to be a center are obtained in Volokitin 19, 20 for n 2 and 3 and in Xu and Lu 21 for n 4.
In this paper, we shall consider the system P 2, 10 and obtain sufficient and necessary conditions for the origin to be a center. In Section 2, the main result and the basic method are stated, and the necessary and sufficient center conditions are proved in Sections 3 and 4, respectively. In Section 5, sufficient and necessary center conditions for systems P 2, 2n n 2, 3 and 4 are given in tight form of polynomial systems.
Center Condition
In this section, the technique in 22 is adopted, and a recursive formula for focal values is obtained.
For n 5, system P 2, 2n takes the forṁ x −y x R 2 x, y R 10 x, y ,ẏ x y R 2 x, y R 10 x, y .
2.1
In polar coordinate system, system 2.1 can be written aṡ r pr 
In fact, we have
where
and L 0 a 1 1.
The main result of the present paper is presented in the following theorem. 
The Proof of the Necessity
By simple computation in terms of 2.10 with Maple, we obtain
Substituting 3.1 into 2.9 , after a simple calculation, we obtain 
3.4
Step Step 3 Let k k 1, and go to Step 2 . Using computer algebra and writing a Maple code applying the algorithm above, we obtain 
3.5
Usually Wu's method 23 is used to do the triangular sets reduction for the focal values, that is, D 5 , . . . , D 11 . The method provides a standard algorithm 24 to handle the reduction of polynomials; however, we here just take use the idea of Wu's method and do the reduction by substitution method due to the speciality of our case. Thus we can obtain the relations 2.11 . Therefore, the necessary part of Theorem 2.1 is proved. where
The Proof of the Sufficiency
For system 4.3 , the following linear transformation: 
4.6
Obviously, in this case, system 4.5 satisfies the condition of symmetry principle 25, page 135 ; thus the origin is a center for the system. 
4.11
For system 4.10 , we consider the following linear transformation:
where the diagonal elements of the transformation matrix satisfy the equation a 2,0 t 2 − a 1,1 t − a 2.0 0. Applying the transformation 4.12 to 4.10 , we obtaiṅ Obviously, system 4.13 satisfies the conditions of symmetry principle, thus the origin is a center for the system. Therefore, the sufficient part of Theorem 2.1 is proved.
Center Conditions of P 2, 2n for n 2, 3 and 4
By similar steps discussed above, we can obtain the following theorem. 
5.1
The relations above give a complete set of relations in the sense given in 21 , that is, this set of relations cover all the cases of the conditions which are sufficient and necessary for the system to be of center type. 
5.2
The relations above is another form as the result of paper 20 . 
5.3
The relations above is another form of center condition for the system P 2, 4 , which has been discussed by Volokitin in paper 19 . A.5
